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Abstract 
The Rotterdam Opslag en Afvang Demonstratieproject (Rotterdam Storage and Capture Demonstration project), or ROAD, aims 
to build and operate a 250 MWe equivalent CCS chain using post-combustion capture technology and off-shore storage in a 
depleted gas field under the North Sea. The capture plant would be retrofitted to a new 1 070 MWe coal-fired unit (Maasvakte 
Power Plant 3) in Rotterdam, Netherlands. It was originally intended to reach a final investment decision at the end of 2010, but 
the project has faced a series delay associated with permitting, complex commercial negotiations and, most seriously, funding. At 
the moment (September 2014), the European Commission and the Government of the Netherlands are engaged in a renewed push 
to solve the funding problems and allow construction to finally start. The project has financial support from the European Energy 
Programme for Recovery (EEPR) and the Government of the Netherlands and is now the only one of the six projects originally 
supported that still has any realistic prospect of being realized in the short term. This paper presents an update of the overall 
project development as at the time of GHGT-12 and the accomplished milestones and issues met in the permitting process. In 
addition, it will focus on the technical and economic aspects of integrating the capture plant with the power plant. Furthermore, it 
will provide an outlook on future CCS/CCU developments in Rotterdam, describing the steps under development to create a full 
CO2 hub in the port including options for ship transport and bio-CCS. The paper concludes with the management of the project 
delays and the implications for the project economics. 
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1. Introduction 
ROAD is the Rotterdam Opslag and Afvang Demonstratieproject (Rotterdam Capture and Storage Demonstration 
Project) and is one of the first large-scale, integrated Carbon Capture and Storage (CCS) demonstration projects on 
power generation in the world. The main objective of ROAD is to demonstrate the technical and economic 
feasibility of a large-scale, integrated CCS chain on power generation. 
 
ROAD is initiated by E.ON Benelux and GDF SUEZ Energie Nederland. They founded a joint venture 
Maasvlakte CCS Project C.V. to realize this CCS demonstration project. The ROAD capture plant, located next to 
the Maasvlakte Power Plant 3 (MPP3), will have a capacity of 250 MWe equivalent. ROAD is to demonstrate the 
feasibility of the full CCS process chain at an industrial scale and to show that it can be adapted to the requirements 
of a coal-fired power plant. The technology selected for the capture plant is ‘post combustion’.  The captured CO2 
will be transported by GDF SUEZ E&P Nederland to an offshore gas field of TAQA Energie by a 25 km pipeline 
from the capture plant to the gas field for permanent storage. 
 
Fig. 1. Cross-cut of the integrated CCS chain of ROAD 
This paper presents an update of the overall project development as at the time of GHGT-12 and the 
accomplished milestones and issues met in the permitting process. In addition, it will focus on the technical and 
economic aspects of integrating the capture plant with the power plant. Furthermore, it will provide an outlook on 
future CCS/CCU developments in Rotterdam, describing the steps under development to create a full CO2 hub in the 
port including options for ship transport and bio-CCS. The paper concludes with the management of the project 
delays and the implications for the project economics.  
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2. Permitting process of the integrated CCS chain of ROAD 
This section describes the permitting process of the ROAD project including the capture plant (now permitted), 
the CO2 storage (now also permitted – the first storage permit granted under the EU CCS Directive) and the pipeline 
permit, which is currently the only part of the permit still not yet formally granted – approaching 3 years after the 
permit was first applied for. Beside the process it also describes local stakeholder management, and issues and 
difficulties for the project and for the permit authorities. A detailed description and analysis of the permitting 
process can be found in a number of reports ROAD drafted for the Global CCS Institute [1] [2] [3]. 
2.1. Start of permitting process 
In November 2009, the ROAD project started preparations for the permitting process. After a first inventory, it 
became clear the project could qualify for the State Coordination Scheme. Within this scheme, the national 
government can coordinate decisions on projects of national importance. Within that regard, energy infrastructure 
projects are coordinated by the Ministry of Economic Affairs (the Ministry). Since this scheme was relatively new at 
that time, internal discussions on the necessity of this scheme evolved. In addition, the Ministry seemed reluctant to 
take the coordinating role under the scheme, as other CCS projects were facing substantial local resistance. 
 
In October 2010, the Ministry finally accepted the coordinating role in the ‘State Coordination Scheme’ for the 
transport, platform and storage parts of ROAD. The capture part was left out of since the capture plant did not 
exceed the level of 300 MWe equivalent of captured CO2 (the capture unit captures the equivalent of 250 MWe in 
CO2). 
2.2. Mapping of regulatory framework, permits and authorities 
By the end of 2010, ROAD started mapping the relevant regulatory framework and involved authorities. The 
permitting process of ROAD comprises a wide range of permits and competent authorities. 
 
As a consequence of the wide range of involved permitting authorities and advisors, the permitting process for 
ROAD was complex and time-consuming. Complexity and dynamics of the permitting process were caused by: 
x The Dutch government structure comprising four layers of governments: local (municipalities), regional (water 
authorities), regional (provinces) and national (ministries and national advisors). Within the permitting process 
these governments and authorities needed to align their permitting procedures and activities. 
x Five new environmental acts came into force during the permitting process of ROAD. As consequence, ROAD 
had to change its permitting plan in some cases or permitting authorities were obligated to set new demands. 
These five new acts were: 
1. the Decision on the State Coordination Scheme Energy Infrastructure Projects came into force in March 2009; 
2. the Act on Modernising the Environmental Impact Assessment came into force in July 2010; 
3. the amendment of the Mining Act (implementation of the EU CCS Directive 2009/31/EC) came into force in 
September 2011; 
4. the Act on General Conditions in Environmental Law came into force in October 2010; 
5. the Decision on the Environmental Impact Assessment came into force in April 2011. 
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The following overviews summarize the relevant regulatory framework, permits and authorities. 
Table 1. Regulatory overview for the ROAD project 
Legislative requirement Law Competent Authority Applicant 
General  
Environmental Impact Assessment (EIA) Environmental 
Protection Act 
Ministry of Economic Affairs, 
Agriculture and Innovation and 
the Ministry of Infrastructure 
and Environment; Province of 
South-Holland (delegated to 
DCMR Environmental 
Protection Agency Rijnmond) 
Proponent 
Emission permits (for capture, transport and 
storage) 
Environmental 
Protection Act 
Dutch Emission Authority Proponent 
Capture  
All-in-one permit for physical aspects General Environmental 
Conditions Act 
Province of South-Holland 
(delegated to DCMR 
Environmental Protection 
Agency Rijnmond) 
Proponent 
Environmental Permission 
Building Permission 
Natural Protection Act Permit Nature Protection Act 
1998 
Province of South-Holland Proponent 
Water Permit Water Act Ministry of Infrastructure and 
Environment (delegated to the 
State Water Authority, 
Department South-Holland) 
Proponent 
Transport    
State Zoning Plan Spatial Planning Act Ministry of Economic Affairs, 
Agriculture and Innovation and 
the Ministry of Infrastructure 
and Environment 
Ministry of Economic 
Affairs, Agriculture and 
Innovation and the 
Ministry of Infrastructure 
and Environment 
Environmental Impact Assessment Environmental 
Protection Act 
Ministry of Economic Affairs, 
Agriculture and Innovation and 
the Ministry of Infrastructure 
and Environment 
Ministry of Economic 
Affairs, Agriculture and 
Innovation and the 
Ministry of Infrastructure 
and Environment / 
Proponent 
Water Permit Water Act Ministry of Infrastructure and 
Environment (delegated to the 
State Water Authority, 
Department South-Holland) 
Proponent 
Railway Permit Railway Act ProRail Proponent 
Flora and Fauna Act Exemption Flora and Fauna Act Ministry of Economic Affairs, 
Agriculture and Innovation 
Proponent 
Storage  
All-in-one permit for physical aspects General Environmental 
Conditions Act 
Ministry of Economic Affairs, 
Agriculture and Innovation 
TAQA 
Storage Permit Mining Act Ministry of Economic Affairs, 
Agriculture and Innovation 
TAQA 
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2.3. Coordinating role of the Ministry of Economic Affairs 
The involvement of the Ministry and its Energy Projects Agency seriously helped ROAD in mapping the wide 
range of permitting authorities. The Ministry organized meetings and started informing the permitting authorities 
about the procedures being involved. In October 2010, the Ministry and ROAD organized two town hall meetings. 
The Ministry, DCMR (Environmental Protection Agency for the region), Province of South-Holland, State Water 
Authority of South-Holland, ROAD and its permitting advisors gave information to the public on the ROAD project. 
 
In November 2010, ROAD and the Ministry organised a meeting for all involved permitting authorities to inform 
them on objectives, technical details of the project and planning. Within this meeting relevant authorities also gave 
their feedback on the permitting procedures. In break-out sessions, ROAD experts, permitting advisors and 
government officials exchanged knowledge and information on the project. 
 
Starting in November 2010, the Ministry also took the lead in drafting the State Zoning Plan. This was necessary 
to make the passage of the CO2 pipeline through dunes, embankments and a waterway possible. The Ministry took 
the lead in developing this zoning plan, consulting its stakeholders and keeping them informed. ROAD actively 
supported the Ministry by participation in the mandatory Strategic Environmental Assessment (SEA). 
2.4. Start of Environmental Impact Assessment 
In the initial phase, ROAD also started working on the Environmental Impact Assessment (EIA) Notification, the 
formal starting point of the permitting procedure. Before certain government decisions concerning the 
implementation of environmentally sensitive activities, such as permitting, can be adopted, the Environmental 
Management Act requires that an Environmental Impact Assessment (EIA) is carried out. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. SEA and EIA mandatory activities 
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Since ROAD was still in the development phase it was difficult to ‘freeze’ the EIA Notification. It took until July 
2010 to submit a final draft to the Ministry. The Ministry came back with a number of comments, one of which was 
that the Notification had to be a common document under the auspices of both the Ministry and the Province of 
South-Holland. 
2.5. Submission of Environmental Impact Assessment and permit applications 
In September 2010, ROAD submitted the final version of the EIA Notification. From this point onwards, both the 
Ministry and the Province of South-Holland were the key authorities driving the EIA process. ROAD further 
focused on gathering the necessary information for the underlying studies. This proved to be difficult, since 
engineering studies had only started recently. By starting the studies using preliminary data this problem was partly 
solved. As results from the engineering studies came available, the EIA studies were adapted. Alongside, ROAD 
wrote the first general chapters of the EIA and discussed these with the Ministry and the Province of South-Holland 
in November 2010. 
 
The Ministry started to convene meetings to inform the involved permitting authorities on the procedures. As of 
August 2010, ROAD and its permitting advisors were also present during these meetings to give background 
information on the project. Based on the information needs of the permitting authorities (both procedural and 
technical) a ‘ROAD show’ was held in November 2010 in order to inform the permitting stakeholders on the 
project. Actively involving the permitting authorities in drafting of the EIA and permit applications effectively 
improved quality and speed of the permitting process. It resulted in a strong commitment of the permitting 
authorities to the final versions of the applications and the EIA since they had significantly discussed and 
contributed to former versions. 
 
Just before submitting the draft EIA, permit applications and underlying studies in December 2010, the Province 
of South Holland – supported by other permitting stakeholders – demanded a second round of commenting: after a 
first draft in December, a second (final) draft at the end of January. The permitting authorities wanted to be certain 
that their remarks would have adopted correctly in the documents before they would receive the final documents. 
Consequently, submission would be delayed from February 2011 (a delay of one month due to a late start of 
underlying studies) until March 2011. Despite this delay, ROAD was of the opinion that it was important to give the 
permitting authorities the comfort they needed, and agreed to this additional round of comments. Most permitting 
authorities promised to give comments as fast as possible. This mutual commitment was illustrative of the good 
mutual understanding that had evolved between the permitting authorities, ROAD and its permitting advisors by that 
time. This mutual respect also paid out in the accessibility of the permitting authorities, which was very high and 
instrumental for ROAD and its permitting advisors. 
 
Despite this extra round of comments, the permitting authorities wanted an extra ‘check’ in the process. In 
February 2011, they proposed to send the EIA to the Netherlands Commission on Environmental Assessment. This 
Commission, being part of the Ministry of I&M, normally gives important advice to the authorities on the quality of 
the EIA after drafting the permit. The authorities, again led by the Province of South-Holland and the Ministry, 
wanted to submit the EIA to the Commission before final submission of all permitting documents. In this way 
ROAD could adopt the Commission’s views and implement these in advance. ROAD decided to take this proposal 
into account and submitted the EIA to the Commission in April 2011. While the Commission was studying the EIA, 
ROAD further improved the EIA’s consistency and removed some last loose ends. The Commission hearing was in 
May 2011 and there it appeared that the Commission was satisfied with the EIA. ROAD submitted the EIA and the 
permit applications after adopting the Commission’s comments in June 2011. 
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2.6. Granting of permits 
The entire permitting procedure for the ROAD project lasted more than three years from the formal submission 
of permits. In June 2011, ROAD submitted the IEA and permit applications (capture, transport and storage). Half a 
year later, the competent authorities published the permit applications, the IEA and the draft permits (capture in 
October 2011; transport and storage in December 2011. After a number of public town hall meetings and the formal 
appeal period the final capture permit was published in April 2012 and became definitive six weeks later. In August 
2012, the Dutch national government sent the draft storage permit of ROAD to the European Commission for a 
review. In March 2013, the European Commission issued a positive opinion on the draft storage permit. 
Subsequently, the final storage permit was published in July 2013 and became definitive six weeks thereafter. 
Currently, the publication of the final transport permit is still pending. This is expected to be published in the second 
half of 2014. 
2.7. Lessons learnt of permitting process ROAD 
In summary, the key lessons learnt from the permitting process are: 
x The Ministry, despite its initial reluctance, was essential in coordinating the permitting stakeholders and showing 
the national relevance of the project via the State Coordination Scheme. Such a Scheme can be instrumental in 
improving quality and pace of permitting procedures involving multiple permitting authorities. Furthermore, CCS 
projects should engage the permitting authorities into the project by developing an active dialogue with these 
stakeholders. 
x Permitting stakeholders not only want to be informed on procedures, but also want to be educated on technical 
details of the project, as early as possible. Meetings with the permitting authorities in an early stage are essential 
to discuss matters as a) how many commentary rounds should be included in the permitting process; b) what 
points are relevant for them; c) who will be contact person and d) how information exchange will take place. This 
builds up mutual commitment and trust. 
x Contact persons at the permitting authorities have to be well-connected and committed to the project. Lack of 
sufficient resources (e.g. time, knowledge) can severely delay the project. Visibility and support from the 
management of permitting authorities can secure the necessary resources. The coordinating permitting authorities 
should actively manage the time schedule of the involved permitting procedure in order to prevent delays. 
3. Integration of capture plant and power plant 
Carbon capture technology has been subject of considerable research to reduce costs of CCS. However, the 
integration with the host power plant also has important impacts on the efficiency and operability of the CCS chain, 
and is a significant project cost in its own right. This section summarises how an optimal integration of the capture 
plant with the power plant saved costs of utilities (e.g. steam, electricity, water) for the capture plant without 
substantial decrease in availability and reliability. A detailed description of the integration can be found in a special 
report ROAD drafted for the Global CCS Institute [4]. 
3.1. Integration of power plant and capture plant 
ROAD’s capture unit is closely integrated with the Maasvlakte Power Plant (MPP3), with tie-ins for steam, 
various water streams (cooling, demin, fire, drinking and waste water), electricity, telecommunications and control 
systems as well as the flue gas connection. These systems are carefully optimised. Key tie-ins for flue gas and steam 
are already installed so that the capture unit can be constructed, connected and commissioned without requiring a 
long outage of the power plant. 
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Fig. 3. Location of capture unit: Maasvlakte Power Plant 3 (2013) 
As a CCS demonstration project ROAD has a number of unique features. It is a retrofit onto a very modern high 
efficiency unit (with unabated efficiency above 46% on a Lower Heating Value basis). The capture plant takes a slip 
stream of just under a quarter of the flue gas from the unit, making the impact on the host unit proportionally much 
smaller than in other cases, which is particularly important for the steam and cooling water interfaces. 
 
For the implementation of a post combustion capture plant at a coal-fired power plant the following streams need 
to be integrated:  
x flue gas extraction from the main flue gas duct at the bottom of the stack; 
x return of treated flue gas from the capture plant to main power plant stack; 
x low pressure steam extraction from the steam turbine for the capture plant's reboiler; 
x return of steam condensate from the capture plant's reboiler into the steam cycle; 
x cooling water for capture plant's coolers from main cooling system inlet; 
x cold condensate from pre-heater train to the capture plant coolers for waste heat recovery; 
x heated condensate return to the pre-heater train; 
x electric power supply to capture plants via power plant's auxiliary system; 
x control systems; 
x several smaller utilities(e.g. de-mineralized water). 
 
The range of interactions between the capture plant and the host power plant are illustrated schematically in the 
Figure 4 below. 
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Fig. 4. Overview of interactions between capture plant and power plant 
The capture installation will be built on the plot space next to the stack of MPP3. Because the MPP3 installation 
was designed and already under construction at the start of the project, the plot space has some challenges for the 
capture installation compared to a greenfield situation. The supplier of the capture plant, Fluor, has developed a 
design of the capture and compression installation to fit all the restrictions. Figure 5 below shows a 3D visualisation 
of the proposed design. The total area available for this demonstration is circa 1.2 ha. 
 
Fig. 5. Technical design (Fluor) of 250 MWe equivalent post combustion capture plant 
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3.2. Flue gas interfaces 
The capture plant was designed for an equivalent electrical output of 250 MW and will therefore only need to 
treat a portion of the flue gas produced by MPP3. In design conditions, the capture plant needs to treat 23.4% of the 
flue gas from the FGD of MPP3. The flue gas slip stream has a volume flow of approximately 700 000 Nm³/hr at 
48°C, which was considered as the maximum volume flow to the capture plant. The flue gas will be extracted 
downstream of the FGD unit of MPP3. The FGD is downstream of the DeNOx installation and the Electrostatic 
Precipitator (ESP). MPP3 has a wet stack with no gas-gas heater. This means that the flue gas extraction and return 
can be anywhere after the FGD.  
 
A number of flow studies resulted in the detailed design of the two tie-ins and nozzles in the stack of MPP3. 
Inside the stack, the flue gas duct has a 90° turn. At this location, two nozzles have already been installed that extend 
into this 90° turn. The nozzles will facilitate the connection of the power plant to the capture plant (and the 
subsequent return of the treated gas) without the need for an extended outage of the power plant. They are capped 
until final connection to the capture plant will take place. In combination with similar tie-ins already made to the 
steam cycle of MPP3, to allow rapid connections to be made to a capture plant, these installations represent (it is 
believed) a unique investment in a power plant to facilitate the retrofit of carbon capture technology. 
3.3. Steam and condensate interfaces 
The operation of the capture plant requires steam at two pressure levels: 
1. Low pressure steam is required to supply the reboiler of the desorber column. 
2. Intermediate pressure steam for reclaimer operation that is used intermittently to maintain solvent quality by 
removing heat stable salts and degradation products from the solvent. The amount of the intermediate pressure 
steam is less than 1% of the low pressure steam. 
 
Condensate from above mentioned steam deliveries are returned to the power plant. Furthermore, condensate 
from the steam cycle is used for cooling purposes in the capture plant. 
 
Low pressure steam is required to supply heat to the reboiler of the desorber column in the capture plant at a 
temperature range between 120-140°C. Due to the large heat duty of the reboiler (>100 MWth) condensing low 
pressure steam is the most suitable solution to supply the necessary heat. When MPP3 is operating in full load, the 
steam that is used in the desorber (stripper) of the capture plant will be extracted from the steam turbine downstream 
of the medium pressure turbine at a pressure of 2-4 bar. At part load of MPP3 this pressure is not high enough and 
another (higher pressure) extraction point will have to provide the steam. Research showed that installing a steam jet 
booster (steam ejector), powered by a small flow of higher pressure steam from the High Pressure turbine exhaust to 
increase the pressure of steam from the main extraction point, was the most economical option. 
 
Tie-in pieces for the extraction of the low pressure steam and the cold reheat (high pressure turbine exhaust) have 
already been constructed during the construction of MPP3 and before the FID of the ROAD project. Execution after 
commercial operation of MPP3 would have taken a long outage and therefore caused high costs. 
 
Intermediate pressure steam is used for the reclaimer operation. As a result of the value engineering after the 
FEED phase a decision was made to use intermediate pressure steam instead of electrical heaters. This small stream 
can be extracted from the auxiliary steam header of MPP3 or from the cold reheat steam supply to the steam jet 
booster. A 50 mm steam line is planned using the same pipe bridge as the low pressure steam and condensate pipes. 
 
Waste heat from the capture plant will be used in the condensate preheating train increasing overall plant 
efficiency. The capture plant includes several coolers where waste heat is released to cooling water, thus dissipated 
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into the environment. Condensate at low temperature can be used instead of cooling water, recovering heat for pre-
heating the condensate leaving the main condenser. 
 
ROAD selected the overhead CO2 condenser (OCC) as the source of waste heat from the capture plant.  This 
cools the wet CO2 before compression at the outlet of the stripper. Here the CO2 is warm enough that the full heat 
load of the condenser can be used for condensate pre-heating. The condensate will be supplied at 19 bar(a) and 26°C 
as it exits from the main steam condenser; it will be returned at 16-18 bar(a) and a temperature in the range of 70-
80°C and added to the main stream of condensate after the third preheater where the temperature is approximately 
90°C. With respect to overall plant efficiency with capture, the integration gives an increase in efficiency of 
approximately 0.2% points. 
 
This OCC waste heat integration is chosen because the higher revenues associated with the increased power 
output largely compensate the higher investment cost required. Another important reason that influenced this 
decision is the reduction of the cooling water requirement for the capture plant. In fact, by integrating the OCC no 
more cooling water is required for that cooler with significant savings in the total cooling water flow for the capture 
plant. It is estimated that 3 000 m3/h less cooling water will be used, accounting for about 20% of total capture plant 
cooling water. Therefore, the extra investment required in the waste heat integration is not only compensated by 
higher revenues but also by the reduced investment for the capture plant's cooling water system. 
3.4. Electrical power interfaces 
For the electrical power supply for the capture plant, a connection with the auxiliary 10 kV system of MPP3 is 
foreseen with a peak rating of about 30 MW. Normally the auxiliary 10 kV system of MPP3 is energized through 
the auxiliary transformers powered by the generator of MPP3 or the 380 kV step-up connection. In emergency 
situations the 10 kV system of MPP3 can also be supplied from a 150 kV grid connection. The electrical power for 
the capture plant will be provided via new 10 kV switchgear which will be linked to the 150/10 kV transformer that 
is connected to the external 150 kV grid. 
 
Since the supply to the MPP3 10kV system from the external 150 kV grid is required by MPP3 only in 
emergency cases (e.g. operating failures of auxiliary power transformers), the capture plant can be supplied with 
electrical energy via the external grid transformer whenever MPP3 is operating normally. This solution gives the 
lowest CAPEX because no extra transformer or high voltage grid connection is needed and the expected reliability 
of electrical supply for the capture plant is high enough. Disadvantages are the extra grid costs because electrical 
power will not be supplied directly from MPP3. 
3.5. Cooling water interfaces 
MPP3 uses sea water for cooling. The cooling water is pumped out of the harbour and runs under the capture 
plant through a channel to the MPP3 unit. The heated cooling water is discharged via a cooling water pond on the 
other side of the power plant into another part of the harbor. 
 
The three existing sea water cooling pumps of the main cooling system of MPP3 have enough capacity to provide 
cooling for MPP3 and the capture plant.  For the capture plant, one dedicated booster pump will be installed to 
extract the amount of sea water that is needed from the existing cooling water duct to the MPP3 condensers. 
3.6. Flexibility of capture plant 
The host power plant will operate in a highly competitive power market. Therefore, the full CCS chain must 
clearly be capable of a controlled shut-down and, of course, a controlled return to service after a shut-down which 
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might be measured in hours or days. MPP3 will generate at whatever load is dictated by short-term local market 
conditions which might be anywhere from its minimum stable generation (25%) to full load. The capture plant is 
sized so that there is sufficient flue gas available to supply the full design flow of flue gas from MPP3 provided that 
it is generating at or above its minimum stable load. However, the steam flow available for regeneration in the 
capture plant becomes a constraint below around 40% of full load (i.e. around 430 MWe) and the capture plant (and 
downstream systems) would have to ramp down below that load. The nature of the power market dictates however 
that the ROAD solution for CO2 compression, pipeline transport, injection and storage must be capable of start-up 
and shut down and flow control during such transients. This has been an important element of the design work 
conducted to date.  
 
The design specification for the capture plant was to be able to operate down to 40% load. In fact no major 
technical limit has been identified, and the capture plant can in principle sustain very load loads. However, the 
compressor is not designed to provide low flows and would have to operate on recycle. This makes low loads on the 
capture plant very energy inefficient as much of the electricity load required at full-load is still required for low load 
operation. Therefore it is assumed that operation below 40% load will not be economically viable, and therefore will 
not occur except under test or transient (start-up or shutdown) conditions. Flow assurance assessment studies based 
on the minimum flow of 40%, maximum flow, start-up and shut-down conditions have been performed to ensure 
good operability. 
3.7. Control philosophy 
The capture plant will have an independent control system, coordinating all necessary operation and monitoring 
activities. The operation modes and transitions between these modes which are described below will be executed 
fully automatically with a minimum of operator actions required. 
 
The capture plant will have the ability to operate in the following modes: 
x Start-up capture plant with MPP3 already in operation at any load (*). 
x Ramping up and down capture plant and MPP3 in parallel at the same ramp rate (*). 
x Ramping up and down capture plant and MPP3 in parallel at different ramp rates. 
x Ramping up and down the capture plant leaving MPP3 in stable operation at any load. 
x Stable operation capture plant with MPP3 ramping up and down (*). 
 
The modes marked with (*) are expected to be used mostly. The capture plant shall be optimized for these modes, 
without restricting operation in the other modes mentioned. 
3.8. Lessons learnt 
The way the ROAD project is funded, with substantial capital grants, but a low reward for operation, created a 
strong incentive to minimise capital costs, with a much lower focus on reliability. Based on statistical component 
reliability data, the capture plant should deliver 95% availability (excluding planned maintenance). However, poor 
reliability will simply extend the operating period until the required level of CO2 is captured to comply with the 
funding requirements. Since the power plant can operate independently of the CCS plant, the commercial impact of 
a loss of electricity generation from the power plant is completely avoided if ROAD is unreliable. 
 
This focus on minimizing capital costs had a high impact on some major design choices. The capture plant is 
single train (including a single compressor). For the interfaces with MPP3, capacity margins in the MPP3 design are 
used for the capture plant where possible. For example, the spare pump and flow margin in the cooling water system 
are used to supply the capture plant cooling water. Thus if one of the cooling water pumps of MPP3 is out of 
service, for example, the choice can be made to reduce the load of MPP3 or reduce the load of the capture plant.  
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Also, no margins are included to cover off-design operation of the power plant. The capture plant is simply designed 
to handle 250 MW-worth of flue gas at the MPP3 design conditions. For example, if the power plant is operating at 
lower efficiency for any reason, the flue gas volume created in generating 250 MW would increase. The capture 
plant is not designed to accommodate this increased flow – it is not necessary to deliver the technology 
demonstration goal of ROAD. Similarly, if cooling water temperatures are high in summer, carbon capture is likely 
to be restricted. 
 
On the positive side, the treatment of only 23% of the flue gases of MPP3 in the capture plant created unique 
opportunities that would not have existed with a higher treatment percentage. Because of the relatively small capture 
plant size, the capture plant could make use of the MPP3’s electric auxiliary system, MPP3’s cooling water system, 
the extraction of steam from the existing steam cycle of MPP3. The steam extraction solution adopted at MPP3 is 
rather unique thanks to the existing spare steam extraction branch originally designed for district heating, which is 
not used at the moment for that purpose. This avoided the need for modifications of the crossover that are typically 
considered for additional steam extraction in existing coal power plants. Optimization of the efficiency – the heat 
integration by using MPP3 condensate for part of the cooling – has been considered and applied, limited to technical 
solutions that have shown a positive effect on the operational costs.  
 
The opportunistic interface design approach led to relatively low investments (€30-35 mln.) for the utility 
interfaces of the ROAD project. This would not be achievable when all the flue gases have to be treated with the 
same capture rate. 
4. Opportunities for CCS and bio-CCS in Rotterdam 
Building the ROAD project does not just demonstrate CCS at commercial scale. It is the start of something much 
bigger – the Rotterdam CO2 / CCS hub. The port of Rotterdam has a vision to become the major industrial hub for 
Northwestern Europe (Port Vision 2030). As industry becomes increasingly sustainable and low carbon, this means 
developing both as a bio port and as a CO2 hub. This section looks at the future CCS/CCU developments in 
Rotterdam, describing the steps under development to create a full CO2 hub in the port including options for ship 
transport and bio-CCS. 
4.1. Existing CO2 network 
There is already an existing CO2 network in South Holland, the OCAP system, which takes industrial CO2 
captured in Shell’s Pernis refinery, and in Abengoa’s bioethanol plant in Rotterdam, and uses it to boost growth in 
greenhouses in summer across South Holland. The OCAP system supplies about 400kt CO2/year to ca. 600 
greenhouses, with additional demand for CO2 that OCAP cannot meet. OCAP estimate this reduces carbon 
emissions by about 200 kt/year by reducing natural gas consumption, which would otherwise be burnt at the 
greenhouses to produce CO2. 
4.2. Synergies of integration  
A connection between OCAP and ROAD would only require € 20-30 million capital investment (including a new 
18 km pipeline), and it would deliver: 
x Additional CO2 supply to greenhouses in summertime. 
x An estimated 300 kt/year additional CCS, including the world’s first bio-CCS (which is carbon negative), and 
industrial CO2 from Shell’s refinery. 
x A fully functioning integrated CCUS hub (network) including multiple sources, CO2 use and CO2 storage. 
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In addition, the connection would provide enabling infrastructure for other CCS projects. For example, Air 
Liquide’s Green Hydrogen project would provide 400 kt/year of CO2 at low incremental cost, allowing an additional 
source to be added to the system. There is also potential to extend bio-CCS at low cost through biomass co-firing at 
the power station (MPP3). The plant is permitted to fire up to 20% (by weight) biomass and the capture plant would 
not need modification for this. 
4.3. Synergies from CCS and biofuels 
These goals are highly complementary as CCS from biofuels production and bio-chemicals would provide much 
needed negative carbon emissions in the longer term. For the expansion of the CO2 hub, opportunities include: 
x Development of a CO2 shipping facility in the port, to allow both receipt of CO2 captured inland (for example in 
the Ruhr-area of Germany) and transported by barge to Rotterdam, and the loading of CO2 onto ships for use in 
enhanced oil recovery or for other remote uses. 
x Full-scale CCS at power plants, e.g. MPP3 (from 250 MW to 1 070 MW) and GDF SUEZ’s neighboring 800 
MW Rotterdam Power Plant and extension of CCS to other energy and petrochemical industries (e.g. refineries) 
already located in the port. 
x Extension of the CO2 pipeline to Antwerp, and to power plants in western Germany. This allows a considerable 
expansion of the sources connected to the network. 
x Expansion of the offshore pipeline to reach larger aquifer storage further offshore, and further depleted gas and 
oil fields in the southern North Sea.  In the long term, extension of the CO2 storage system to reach the UK, 
Danish and Norwegian sectors of the North Sea is also likely 
x Industries that can use CO2 would also locate in Rotterdam and take CO2 from the network. 
 
The expansion of the bio port includes: biomass shipping and handling facilities to allow biomass import and use 
in the port and onward shipment by road or river to inland biomass users, second generation biofuels (bioethanol, 
biodiesel) plants with CCS, biofuels shipping and handling facilities, to allow export of biofuels by road, rail or ship, 
biochemicals facilities. 
 
These two visions combined create the potential for Rotterdam to become Europe’s center for low carbon 
industry, with excellent availability of biofuels, chemicals and CO2. In summary, the ROAD project is not just the 
leading CCS demonstration in Europe, it is the stepping-stone to a major low carbon industrial hub for Europe. 
5. Project management, funding and schedule 
This section describes the management of the project delays and the implications for the project economics. It 
outlines how the project team adapted to the delays, both in terms of own work load and management of contractors 
(as far as commercial sensitivities allow). Delays cost money, and the continuing delays have added to overall 
project costs while the major grants are fixed in nominal terms. The project costs will be described and how these 
evolved with time and with project scope. 
5.1. Project management 
Given the joint ownership of the project, the board of management is represented by two directors from E.ON 
and two from GDF SUEZ. The company’s four directors are each head of a project team which comprise of the 
project’s key focus areas: 
x Capture. 
x Transport and Storage. 
x Stakeholder Management. 
x Project Office and Governance. 
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The intended organizational structure is summarized in scheme below. The responsibilities for and within each of 
the four organizational pillars have been balanced on a 50/50 base between both parent companies.  
 
Fig. 6. Project organizational structure for FEED, FID and construction stage 
As an alternative to the current organization a single project lead structure was analyzed but was not selected 
because of the inherent risk to drift away from the 50/50 balance of the involved parent companies.  
 
The project aims to employ the skills of specialists from across both parent companies. ROAD sees the 
employment of people of the parent companies as part of the learning lever. However, strategic partners will also 
play a role throughout the development and operational phases of the project. These third parties currently include 
GDF SUEZ E&P Nederland. and TAQA Energy for the CO2 transport and CO2 storage aspects, respectively. Also 
the capture plant supplier, Fluor, has been selected partly because of their local Dutch project management and 
construction experience as well as relevant industrial scale CCS experience. 
 
The fact that the project is carried out in a joint venture has a generally positive impact. By combining the 
knowledge and methodologies of two parent companies, assumptions are challenged more rigorously, group 
thinking was avoided and decisions were taken more objectively. However, working in a joint venture project also 
poses some obvious challenges as it can lead to double reviewing procedures and more time-consuming decision-
making processes. Developing and maintaining trust is essential to reducing these inefficiencies. Even in a project 
organization under development, trust can be achieved through dedicated team work and face to face contact. 
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5.2. Project schedules and impact of delays 
The project has a several schedules and several significant delays. However, the history of the project up until 
now can be grouped into three phases – the first two ending with a decision to delay FID. 
 
Phase 1 (2009 and 2010): target FID by end 2010. The original EC grant award required “substantial 
investment” by the end of 2010 so the project intended to take FID by the year end.  This required firm pricing for 
the capture plant.  During 2010 the supplier selection process was carried out, including two competitive FEED 
studies and culminating in two LSTK competitive offers from capture suppliers.  However, late in 2010 it became 
apparent that delays in permitting meant that an FID could not be taken until end 2011 or early 2012, irrespective of 
other commercial and funding considerations.  In autumn 2010, the FID was delayed. 
 
Phase 2 (2011 and Q1 2012): target to finish construction by end 2014 (FID by implication end 2011 or early 
2012), again driven by an EC grant timetable (subsequently relaxed).  During this phase of the project, supplier 
selection was completed, and value engineering, tendering for long lead contracts and detail engineering were 
carried out for the capture plant.  In addition, the pipeline FEED study and engineering studies on the platform and 
well were completed.  This gave a good estimate of the overall costs and a detailed construction schedule.  In 
addition, the permitting and commercial issues that contributed to the first delay were solved.  However, by Q1 2012 
it became apparent that a substantial funding gap had opened up, chiefly due to the collapse of the European carbon 
price.  This led to a suspension of the work in Q2 2012 while funding negotiations were conducted. 
 
Phase 3 (Q2 2012 onwards): “slow mode”. Since Q2 2012, the project has focused on only work that would 
avoid significant cost escalation, or improve the funding.  As such, the flue gas and steam tie-ins to the power plant 
were installed while the power plant was still under construction and some targeted engineering studies were 
completed (including flow assurance for the transport and storage system, and on aerosol emissions for the capture 
plant).  However, the major work has been suspended.  Some contracts for long lead items (rotating equipment and 
large vessels) were already signed in 2012.  Some of these have been allowed to lapse, but in some cases the vendor 
has agreed acceptable suspension terms, and these contracts remain in place awaiting remobilization. 
 
Looking forward, as soon as the current funding difficulties are resolved, the project team will be remobilized.  
We expect that it will take 6-9 months from mobilization to refresh the engineering, re-tender as necessary, and 
therefore be ready to commit contractually to large construction contracts (the FID).  Construction and 
commissioning will take three years.  Therefore ROAD will enter commercial operation sometime in 2018, 
assuming the funding problems are resolved in the next six months. 
5.3. Funding and commercial issues 
An up to date description of costs and operating scenarios cannot be given due to the sensitive nature of the 
current funding discussions.  However, a general impression of the project economics and project issues can be 
given by reference to historic (previously published) cost estimates, and a qualitative description of what has 
changed. 
 
ROAD previously reported cost information in the Global CCS Institute special report on business risks [5].  
Total CAPEX was quoted as €417 mln. and total OPEX of €226 mln. (including payment for lost electricity output 
from the power plant, and post-operation storage abandonment). This information was based on: 
x FID early in 2012. 
x 5 years operation with 5.5 Mt CO2 stored, starting in 2015. 
x Electricity and carbon projections provided by KEMA based on the World Energy Outlook scenario 2010.  This 
projected an average carbon price of €27/t. 
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With total revenue comprising €335 mln. in grants and €148 mln. from carbon revenues, the project was clearly 
loss-making based on those assumptions.  It also became apparent by 2012 that the recession had substantially cut 
European carbon emissions and therefore prices compared to the 2010 scenario, increasing the level of losses 
substantially. 
 
The parent companies (GDF SUEZ and E.ON) were always aware that the project, as a demonstration, would be 
loss-making.  However in 2012 they considered that the level of losses had become unacceptable, and therefore 
requested additional funds. Since 2012, the costs have changed in the following ways: 
x The CAPEX cost estimate has risen because of:  Inflation, as construction is delayed at least 3 years  Some design modifications add cost (principally provision for a wet ESP for emissions control and a tie-in for 
the future CO2 network in Rotterdam)  The cost of demobilization and remobilization  The cost of maintaining the project team during the “slow mode” 
x However, the OPEX cost estimate has reduced because:  The forecast electricity prices are lower.  The project uses about 1 MWh of electricity for every 3 tonnes of 
carbon captured, making electricity costs of order half the total OPEX.  The minimum amount of CO2 stored has been reduced to 4 Mt, with possibilities under discussion to lower it 
further.  The intent is that a later separate funding scheme will pay for longer term operation.  It is not the 
intent to build the plant and then decommission it after 4 years operation.  
x Forecast carbon prices have reduced substantially. 
 
At the time of writing (September 2014) a renewed initiative is underway led by the European Commission and 
the Government of the Netherlands to secure sufficient funding to allow the project to proceed.  
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